Vanadate-sensitized cleavage of dynein heavy chains by 365-nm irradiation of demembranated sperm flagella and its effect on the flagellar motility.
Irradiation of demembranated flagella of sea urchin sperm at 365 nm in the presence of 0.05-1 mM MgATP and 5-10 microM vanadate (Vi) cleaves the alpha and beta heavy chains of the outer arm dynein at the same site and at about the same rate as reported previously for the solubilized dynein (Gibbons, I. R., Lee-Eiford, A., Mocz, G., Phillipson, C. A., Tang, W.-J. Y., and Gibbons, B. H. (1987) J. Biol. Chem. 262, 2780-2786). The decrease in intact alpha and beta heavy chain material is biphasic, with about 80% being lost with a half-time of 8-10 min, and the remainder more slowly. Five other axonemal polypeptides of Mr greater than 350,000 are lost similarly, concomitant with the appearance of at least 9 new peptides of Mr 150,000-250,000. The motility of irradiated sperm flagella upon subsequent dilution into reactivation medium containing 1 mM ATP and 2.5 mM catechol shows a progressive decrease in flagellar beat frequency for irradiation times that produce up to about 50% cleavage of the dynein heavy chains; more prolonged irradiation causes irreversible loss of motility. Competition between photocleaved and intact outer arm dynein for rebinding to dynein-depleted sperm flagella shows that cleavage has little effect upon the ability for rebinding, although the cleaved dynein partially inhibits subsequent motility. Substitution of MnATP for the MgATP in the irradiation medium prevents the loss of all of the axonemal polypeptides during irradiation for up to 60 min and also protects the potential for subsequent flagellar motility. It is concluded that loss of the five axonemal polypeptides upon irradiation results from a Vi-sensitized photocleavage similar to that which occurs in the alpha and beta heavy chains of outer arm dynein and that these polypeptides represent Vi-inhibitable ATPase subunits of dyneins located in the inner arms and possibly elsewhere in the flagellar axoneme.